The pharyngeal pouches, evaginations of the foregut endoderm, are essential for segmentation of the developing vertebrate face. Here, we report a novel role of noncanonical (nc) Wnt signaling in regulating pouch formation in zebrafish. Using transgenic imaging approaches, we show that the pouches form by directed cell migration followed by cell rearrangements that organize endodermal cells into polarized bilayers. Next, we find that Wnt4a and Wnt11r are expressed in a segmental pattern in ectodermal and mesodermal cells, respectively, adjacent to fz8a-expressing pouch endodermal cells. Moreover, mutant and transgenic analyses show that Wnt4a/ Wnt11r/Fz8a likely function through Dishevelled and the nc Wnt signaling to regulate pouch formation. By misexpressing dominantnegative and gain-of-function versions of nc Wnt pathway components in the endoderm, we find that Rac1 and JNK primarily regulate pouch cell migration, whereas Cdc42 primarily regulates pouch cell rearrangements via junctional localization of the immunoglobulin cell adhesion protein ALCAM. Interestingly, junctional ALCAM localization is dynamically regulated during pouch cell rearrangements and loss-of-function study suggests that ALCAM is not generally required for endodermal polarity but instead plays a regulatory role in re-establishment of epithelial polarity following pouch cell migration. In summary, our studies reveal that segmental Wnt expression in the ectoderm and mesoderm has a key role in vertebrate head segmentation. In addition, we propose that nc Wnt signaling has sequential roles in coordinating pouch formation, first in initiating cell migration that creates endodermal outpocketings and second in re-establishing epithelial polarity. Vertebrate lung forms branched structure during development. Numerous molecules are known to be involved in this process, but how the interaction of these molecules results in branching morphogenesis remains to be elucidated. In the previous study, we formulated a mathematical model that reproduces the formation of branches under in vitro condition without mesenchyme. However, since the epithelial-mesenchymal interaction is too complex to model, the mechanism in vivo remains to be elucidated. In the present study, we developed a reconstruction culture system that includes both epithelium and mesenchyme, and show that the epithelial explant in this culture system has an ability to generate branched structure. Under such a situation, we do not need to take organ shape into consideration and modeling is easier. In this culture system, expression of FGF10 is restricted to the region away from epithelial tissue. According to this information, we reduce the complex epithelial-mesenchymal interaction to two simple rules, "FGF induces epithelial growth", and "Epithelium inhibits FGF production". There rules can be expressed as a combination of interface equation and convolution kernel. Receptors for advanced glycation end-products (RAGE) are multiligand cell surface receptors prominently detected in lung epithelium. Previous experiments demonstrate that over-expression of RAGE in murine alveolar type (AT) II cells during embryogenesis causes severe lung hypoplasia and neonatal lethality. However, the effects of RAGE overexpression on adjacent endothelium are yet to be determined. Lung histology during developmental milestones revealed marked loss of parenchymal tissue beginning in the canalicular stage of lung development and continuing throughout the saccular period (embryonic day (E) 15.5-18.5). During these same periods, immunostaining for platelet endothelial cell adhesion molecule (PECAM) revealed a marginal decrease in microvascular endothelium prevalence in RAGE over-expressing mice compared to controls. In order to determine possible mechanisms of RAGE-mediated decreases in the derivation of endothelium, immunoblotting and RT-PCR for FoxM1, a key endothelium-specific transcription factor were performed. Experiments revealed RAGE over-expression by alveolar epithelium inhibits FoxM1, suggesting anomalous transcriptional control contributes to diminished endothelial cell prevalence in RAGE over-expressing mice. Additional research may reveal distinct RAGEmediated pathways involved in vasculogenesis and angiogenesis necessary for the developmental derivation of normal pulmonary vasculature. Program/Abstract # 122 will be presented as scheduled, but the abstract cannot be published due to lack of license agreement between authors and publisher. Program/Abstract # 123 Increased MMP-9 activity in mice that over-express RAGE in alveolar epithelium destabilizes the basement membrane by degrading collagen type IV Benjamin R. Bukey, Jason L. Porter, Josh M. Hancock, Jeffrey A. Stogsdill, Paul R. Reynolds Brigham Young University, Provo, UT, USA Background and rationale: RAGE, a receptor that binds multiple ligands, causes severe lung hypoplasia when over-expressed during embryogenesis. Destabilization of the basement membrane in the
The pharyngeal pouches, evaginations of the foregut endoderm, are essential for segmentation of the developing vertebrate face. Here, we report a novel role of noncanonical (nc) Wnt signaling in regulating pouch formation in zebrafish. Using transgenic imaging approaches, we show that the pouches form by directed cell migration followed by cell rearrangements that organize endodermal cells into polarized bilayers. Next, we find that Wnt4a and Wnt11r are expressed in a segmental pattern in ectodermal and mesodermal cells, respectively, adjacent to fz8a-expressing pouch endodermal cells. Moreover, mutant and transgenic analyses show that Wnt4a/ Wnt11r/Fz8a likely function through Dishevelled and the nc Wnt signaling to regulate pouch formation. By misexpressing dominantnegative and gain-of-function versions of nc Wnt pathway components in the endoderm, we find that Rac1 and JNK primarily regulate pouch cell migration, whereas Cdc42 primarily regulates pouch cell rearrangements via junctional localization of the immunoglobulin cell adhesion protein ALCAM. Interestingly, junctional ALCAM localization is dynamically regulated during pouch cell rearrangements and loss-of-function study suggests that ALCAM is not generally required for endodermal polarity but instead plays a regulatory role in re-establishment of epithelial polarity following pouch cell migration. In summary, our studies reveal that segmental Wnt expression in the ectoderm and mesoderm has a key role in vertebrate head segmentation. In addition, we propose that nc Wnt signaling has sequential roles in coordinating pouch formation, first in initiating cell migration that creates endodermal outpocketings and second in re-establishing epithelial polarity. Vertebrate lung forms branched structure during development. Numerous molecules are known to be involved in this process, but how the interaction of these molecules results in branching morphogenesis remains to be elucidated. In the previous study, we formulated a mathematical model that reproduces the formation of branches under in vitro condition without mesenchyme. However, since the epithelial-mesenchymal interaction is too complex to model, the mechanism in vivo remains to be elucidated. In the present study, we developed a reconstruction culture system that includes both epithelium and mesenchyme, and show that the epithelial explant in this culture system has an ability to generate branched structure. Under such a situation, we do not need to take organ shape into consideration and modeling is easier. In this culture system, expression of FGF10 is restricted to the region away from epithelial tissue. According to this information, we reduce the complex epithelial-mesenchymal interaction to two simple rules, "FGF induces epithelial growth", and "Epithelium inhibits Receptors for advanced glycation end-products (RAGE) are multiligand cell surface receptors prominently detected in lung epithelium. Previous experiments demonstrate that over-expression of RAGE in murine alveolar type (AT) II cells during embryogenesis causes severe lung hypoplasia and neonatal lethality. However, the effects of RAGE overexpression on adjacent endothelium are yet to be determined. Lung histology during developmental milestones revealed marked loss of parenchymal tissue beginning in the canalicular stage of lung development and continuing throughout the saccular period (embryonic day (E) 15.5-18.5). During these same periods, immunostaining for platelet endothelial cell adhesion molecule (PECAM) revealed a marginal decrease in microvascular endothelium prevalence in RAGE over-expressing mice compared to controls. In order to determine possible mechanisms of RAGE-mediated decreases in the derivation of endothelium, immunoblotting and RT-PCR for FoxM1, a key endothelium-specific transcription factor were performed. Experiments revealed RAGE over-expression by alveolar epithelium inhibits FoxM1, suggesting anomalous transcriptional control contributes to diminished endothelial cell prevalence in RAGE over-expressing mice. Additional research may reveal distinct RAGEmediated pathways involved in vasculogenesis and angiogenesis necessary for the developmental derivation of normal pulmonary vasculature. Program/Abstract # 122 will be presented as scheduled, but the abstract cannot be published due to lack of license agreement between authors and publisher. Program/Abstract # 123 Increased MMP-9 activity in mice that over-express RAGE in alveolar epithelium destabilizes the basement membrane by degrading collagen type IV Benjamin R. Bukey, Jason L. Porter, Josh M. Hancock, Jeffrey A. Stogsdill, Paul R. Reynolds Brigham Young University, Provo, UT, USA Background and rationale: RAGE, a receptor that binds multiple ligands, causes severe lung hypoplasia when over-expressed during embryogenesis. Destabilization of the basement membrane in the respiratory region of the lung is a common occurrence; however, RAGE-mediated mechanisms of basement membrane and other matrix destruction have not been described. Methods and results: While Safrin-O/Fast Green and Serious Red staining revealed indistinguishable differences in total collagen abundance between RAGE overexpressing and wild type mice, immunohistochemistry for collagen type IV revealed sporadic expression in both groups. Quantification of collagen type IV by immunoblotting revealed a significant decrease of collagen type IV in RAGE transgenic mice compared to wild type controls. Immunostaining and immunoblotting further revealed increased MMP-9 expression in the RAGE transgenic mouse while MMP-13 expression was not significantly altered. Conclusions: The data presented suggest that RAGE overexpression weakens the basement membrane and associated matrix via increased MMP-9 activity. Ongoing research may identify additional information relating to RAGE-mediated signaling that contributes to inflammation at the respiratory membrane. Connective tissue growth factor (CTGF) is a secreted protein that functions in angiogenesis, cellular migration, and tumor growth. Recent studies have shown that CTGF is up-regulated during pregnancy and lactation in the cow and mouse and may be needed during differentiation of the mammary epithelial cell. CTGF has been shown to be up-regulated in breast cancer cell lines, and may be a marker for metastasis cancer. The function of CTGF and its location during early embryonic mammary gland development remains unknown. Previous research has demonstrated that parathyroid hormone related protein (PTHrP) is a secreted protein from mammary epithelial cells and is required for cell fate specification of mammary epithelial cells and outgrowth. Canonical Wnt signaling is required for formation of the mammary bud, and that the loss of canonical Wnt signaling prevents formation of the mammary gland. In this study, we characterize regulation and localization of CTGF during embryonic mammary gland development. To do this, we acquired a transgenic mouse where b-galactosidase was inserted into the CTGF gene. Therefore, staining mice with X-gal, enables us to examine localization and regulation of CTGF in the whole mouse. Embryos from embryonic day (E) 11.5, E13.5, E15.5, E16.5, and E18.5 were harvested from a cross between CD1 female and CTGF +/− male mice. Embryos were stained with X-gal and examined for bgalactosidase in both the whole animal and by histological sectioning through the mammary bud structures. Within CTGF +/− E11.5 mice, there was no staining in the vicinity of the mammary milk line. Migrating cells from possibly the somites and spinal cord were seen moving ventrally and expressing b-galactosidase. In E13.5 and E15.5 female CTGF +/− embryos, b-galactosidase was seen deep to the mammary buds, and in the hair follicle buds, but not in the mammary bud itself. In E15.5 male embryos, b-galactosidase staining was prevalent in the mammary buds, most likely because of the cell fate change due to androgen induction. At E16.5, we observed a decrease in b-galactosidase staining throughout the embryo (hair follicles and around the mammary buds), and by E18.5, embryos had very little CTGF expression in the skin structures, as seen by the reduction in b-galactosidase expression. NMuMG cells were treated overnight with PTHrP (10-7 M) and CTGF RNA expression was examined over a period of 4 days using real time PCR. No apparent effect of PTHrP on CTGF in NMuMG cells was observed. To examine whether canonical Wnt signaling effects CTGF expression, cells were treated with lithium chloride (5-50 mM) over a series of 4 days, and CTGF expression was measured using real-time PCR. Cells treated with LiCl did not change RNA levels of CTGF expression. Since CTGF is expressed in cells deep to the mammary bud, it may suggest that CTGF expression induces or guides the outgrowth of the mammary bud, or that it is involved in the induction of the mammary fat pad. Regulation of CTGF may occur through other pathways, such as hedgehog or TNF-a signaling, both of which have been demonstrated to function during mammary gland development. Further research will examine these possibilities. Connective tissue growth factor (CTGF) is a secreted protein found in the extracellular matrix. It is a multifunctional protein with the capability to bind to and sequester growth factors, such as TGF-b, and BMPs. It has also been demonstrated to function during angiogenesis and cell migration. Recent studies on CTGF in both the cow and mouse have demonstrated that CTGF is needed for differentiation of the mammary epithelial cells, and has increased expression during pregnancy and lactation. In this study we characterized the location of CTGF in the adult mammary gland, determined the cell type expressing CTGF and how CTGF is regulated. Transgenic mice containing one CTGF allele interrupted with the b-galactosidase gene were examined at day 7, 5-week virgin, 12-week virgin, midpregnant, mid-lactation, and 2-and 7-day involution mice. Mammary glands were harvested and stained for β-galactosidase and counterstained with carmine alum. CTGF expression was not seen in adipocytes of the mammary fat pad, but did appear to be in some cells of the mammary ducts. Further examination of these cells suggests that these are myoepithelial cells. The endothelial cells of blood vessels, which have been previously identified as a site of CTGF expression, were found to have very strong b-galactosidase expression. To determine whether the loss of CTGF affected branching morphogenesis in the mammary glands, mice from 5-week-old virgin wild-types and CTGF+/− mice were harvested and the mammary glands were stained with carmine alum. Primary and secondary mammary ducts were measured and a significant decrease in branching (p < 0.05) in the CTGF+/− mice was observed. This suggests that CTGF plays a role during branch morphogenesis during mammary gland development. Since several studies suggested that mammary epithelial cells may express CTGF, we used the NMuMG cell line to examine regulation of CTGF. TGF-b has been shown to be involved in mammary gland morphogenesis, and in other cell types has been shown to regulate CTGF expression. Cells were treated with TGF-b (1-10 ng/ml) over a period of 4 days and CTGF RNA expression was examined using real time PCR. Contrary to other studies, TGF-b did not affect CTGF expression in the NMuMG cells. Further research will examine the role CTGF has on myoepithelial cell differentiation and regulation. doi:10.1016/j.ydbio.2011.05.149
